OCCUPANT DETERMINATION DEVICE 



This application is based on and claims priority under 35 U.S.C. 8 
119 with respect to Japanese Application No. 2002-348376 filed on 
November 29, 2002, the entire contents of which are incorporated herein 
by reference. 

FIELD OF THE INVENTION 

[0001] This invention generally relates to an occupant determination 
device for a vehicle seat. More particularly, this invention pertains to an 
occupant determination device for a vehicle seat operated based on a load 
value output from a load sensor that is provided on the vehicle seat. 

BACKGROUND OF THE INVENTION 

[0002] In case where an air bag is provided for protecting an occupant 
sitting on a vehicle seat, an occupant determination device is provided at 
the vehicle seat for determining whether an occupant is seated or not on 
the corresponding seat, the occupant is an adult or a child, or the like. 
Japanese Patent Laid-open Publication No. 09-207638 discloses a known 
occupant determination device. The disclosed device includes a plurality 
of load sensors provided at a plurality of fixing positions respectively of a 
seat body facing a vehicle floor, and a controller for calculating a detection 
load value based on load values output from the plurality of load sensors 
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and for determining whether or not an occupant is seated on the vehicle 
seat based on the calculated detection load value. More specifically, the 
controller calculates the detection load value by summing up the load 
values output from the plurality of load sensors using an adder, compares 
this detection load value with a load value set in advance (threshold value 
for determination) using a determination processing circuit, and 
determines whether or not an occupant is seated on the vehicle seat by 
comparing the detection load value and the threshold value for 
determination. 

[0003] The vehicle seat on a passenger side may be equipped with a child 
restraint system (hereinafter referred to as "CRS"X In process of 
installing the CRS on the seat, a large load in downward direction is 
added to the seat by tightening the CRS with the seatbelt. At this time, a 
load greater than the original CRS's is detected, thereby possibly causing 
a wrong determination that an adult is sitting on the seat, 

[0004] In order to prevent a wrong determination that an adult is sitting 
on the seat when installing the CRS on the seat, the installation of the 
CRS on the seat is desired to be determined. In Japanese Patent Laid- 
Open Publication No. 10- 194076, it is disclosed that a predetermined 
communication is possible between the vehicle seat and the CRS. That is, 
the installation of the CRS on the seat can be determined by the 
communication function between the vehicle seat and the CRS. 
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[0005] In addition, Japanese Patent Laid-Open Publication No. 2001- 
187541 discloses a CRS determination based on a distribution status of 
pressure applied to the vehicle seat. Further, Japanese Patent Laid-Open 
Publication No. 2002-178813 discloses a CRS determination using the 
aforementioned detection load value instead of structures disclosed in 
Japanese Patent Laid-Open Publication No, 10*194076 or No. 2001- 
187541. That is, the CRS is determined based on a load variation 
(variation of the detection load value) occurring when installing the CRS 
on the vehicle seat. 

[0006] When the CRS is determined based on the load variation occurring 
when installing the CRS on the seat, a wrong determination may occur 
due to the load variation caused by a vibration under the vehicle running 
and the like. 

[0007] Thus, a need exists for an occupant determination device that can 
determine accurately whether or not a child restraint system is equipped 
on the vehicle seat. 

SUMMARY OF THE INVENTION 

[0008] According to an aspect of the present invention, an occupant 
determination device for a vehicle seat includes a load sensor provided at a 
seat body, and a controller for calculating a detection load value based on 
a load value output from the load sensor and for determining an occupant 
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sitting on the vehicle seat by comparing the detection load value and a 
predetermined threshold value. The occupant determination device 
further includes a determining means for determining whether or not a 
child restraint system is equipped on the vehicle seat based on a variation 
of the detection load value, and a detecting means for detecting whether or 
not the ^vehicle is stopped. When a vehicle stop condition is not detected 
by the detecting means, the determining means doe9 not determine 
whether or not the child restraint system is equipped on the seat. 

[0009] According to another aspect of the present invention, an occupant 
determination device for a vehicle seat includes a plurality of load sensors 
provided at a seat body, and a controller for calculating a detection load 
value by summing up load values output from the plurality of load sensors 
and for determining an occupant sitting on the vehicle seat based on the 
detection load value. The occupant determination device further includes 
a determining means for determining whether or not a child restraint 
system is equipped on the vehicle seat based on a variation of the 
detection load value and a detecting means for detecting whether or not 
the vehicle is stopped. When a vehicle stop condition is not detected by 
the detecting means, the determining means does not determine whether 
or not the child restraint system is equipped on the seat. 



BRIEF DESCRIPTION OF THE DRAWING FIGURES 
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[0010] The foregoing and additional features and characteristics of the 
present invention will become more apparent from the following detailed v 
description considered with reference to the accompanying drawing 
figures in which like reference numerals designate like elements. 

[0011] Fig, 1 is a perspective view of a vehicle seat according to an 
embodiment of the present invention; 

[0012] Fig. 2 is a side view of the vehicle seat according to the embodiment 
of the present invention; *4 

[0013] Fig. 3a is a front view of u sensor bracket provided on a front sid£ of 
the vehicle seat; 

[0014] Fig. 3b is a front view of a sensor bracket provided on a rear side of 
the vehicle seat; 

[0015] Fig. 4 is a block diagram of an electrical structure of the 
embodiment of the present invention! 

[0016] Fig. 5 is a flowchart of an occupant determination operation 
according to the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
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[0017] An embodiment of the present invention is explained referring to 
Figs, 1 to 5. Fig. 1 is a perspective view of a seat body 1 of a vehicle seat. 
The seat body 1 is provided on a passenger seat side of a vehicle. A pair of 
supporting frames 2 provided on right and left sides respectively in Fig. 1 
are fixed on a vehicle floor (not shown) in a longitudinal direction of the 
vehicle (arrow X direction in Fig. l). 

[00181 Brackets 3 consisting of two pairs of brackets each provided on 
front and rear sides in Fig. 1 of the seat body 1 are fixed on an upper face 
of the respective supporting frames 2. A pair of lower rails 4 provided on 
right and left sides in Fig. 1 are fixed to the respective pairs of brackets 3 
along the supporting frames 2. Each lower rail 4 obtains a U'shape in 
cross section, whose upper portion opens and extends in the longitudinal 
direction of the vehicle to thereby form a sliding groove 5, 

[0019] A pair' of upper rails 6 provided on right and left sides in Fig. 1 are 
slidable in the sliding grooves 5 formed at the respective lower rails 4. As 
shown in Fig. 2, each upper rail 6 is connected to each lower arm 16 that 
supports a seat cushion 9 and a seat back 10 of the seat body 1 with 
keeping a predetermined distance between the lower arm 16 and the 
upper rail 6 via one of a pair of front side sensor brackets 7 provided on 
right and left front sides in Fig. 1 and one of a pair of rear side sensor 
brackets 8 provided on right and left rear sides in Fig. 1. 
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[0020] As shown in Fig. 3a, each front side sensor bracket 7 includes an 
upper end portion 7a at an upper end side, a lower end portion 7b at a 
lower end side, and a bending portion 7c formed by bending a portion 
between the upper end portion 7a and the lower end portion 7b. The front 
side sensor bracket 7 is connected to the lower arm 16 via the upper end 
portion 7a and the front portion of the upper rail 6 via the lower end 
portion 7b. Then, a right front load sensor 21 and a left front load sensor 
22 are attached to the respective bending portions 7c of the front side 
sensor brackets 7 on right and left side of the seat cushion 9, The right 
front load sensor 21 and the left front load sensor 22 each includes an 
element for detecting deformation such as a strain gauge and electrically 
detects a bending degree of the bending portion 7c bending in response to 
the load applied to the seat cushion 9. 

[0021] As shown in Fig. 3b, each rear side sensor bracket 8 includes an 
upper end portion 8a at an upper end side, a lower end portion 8b at a 
lower end side, and a bending portion 8c formed by bending a portion 
between the upper end portion 8a and the lower end portion 8b. The rear 
side sensor bracket 8 is connected to the lower arm 16 via the upper end 
portion 8a and the rear portion of the upper rail 6 via the lower end 
portion 8b. Then, a right rear load sensor 23 and a left rear load sensor 
24 are attached to the respective bending portions 8c of the rear side 
sensor brackets 8 on right and left side of the seat cushion 9. In the same 
manner as the right front and left front load sensors 21 and 22, the right 
rear load sensor 23 and the left rear load sensor 24 each includes an 
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element for detecting deformation such as a strain gauge and electrically 
detects a bending degree of the bending portion 8c bending in response to 
the load applied to the seat cushion 9. 

[0022] An anchor bracket 13 of a belt anchor 12 to which a seatbelt 11 is to 
be connected is connected to one side of the upper rail 6 in Fig. 1. Fig. 4 is 
a block diagram showing an electrical structure of an occupant 
determination device 20 employed in the vehicle seat. The occupant 
determination device 20 according to the present embodiment includes the 
aforementioned load sensors 21 to 24, and a controller 25. An ignition 
switch 31 for the engine ignition is connected to the controller 25. In 
addition, a seatbelt switch 32, which is turned on when the seatbelt 11 is 
fastened to the belt anchor 12 ? is connected to the controller 25. 

[0023] The controller 25 includes a central processing unit (hereinafter 
referred to as CPU) 26, a sensor signal input circuit 27, an output circuit 
28, and a detection circuit 29. The sensor signal input circuit 27 includes 
active filters 27a, 27b, 27c, and 27d that are associated with the right 
front load sensor 21, the left front load sensor 22, the right rear load 
sensor 23 and the left rear load sensor 24, respectively. The load signal 
from the load sensors 21 to 24 is input to the CPU 26 via the active filters 
27a to 27d. Each of the active filters 27a to 27d is a known low-pass filter, 
which is configured, for example, by a combination of a passive element, 
which includes a capacitor and a resistor, and an active element, which 
includes an amplifier. The active filters 27a to 27d only pass low 
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frequency signals and eliminate other signals among those generated by 
the load sensors 21 to 24. 

[0024] In the CPU 26, output load values FR and FL are calculated based 
on the respective load signals from the right front load sensor 21 and the 
left front load sensor 22 that have passed through the active filters 27a 
and 27b respectively. In addition, output load values RR and RL are 
calculated based on the respective load signals from the right rear load 
sensor 23 and the left rear load sensor 24 that have passed through the 
active filters 27c and 27d respectively. Then, a detection load value Ws is 
calculated by summing up the output load values FR, FL, RR and RL. 

[0025] The ignition switch 31 is connected to the CPU 26. Thus, the CPU 
26 is at least able to detect a stop condition of the vehicle by receiving a 
signal (ON or OFF signal) from the ignition switch 31. This is because the 
vehicle never runs under the ignition switch 31 in OFF status. 

[0026] Further, the seatbelt switch 32 is connected to the CPU 26 via the 
detection circuit 29. The CPU 26 is thus able to detect the fastening 
condition of the seatbelt 11 by receiving a signal (ON or OFF signal) from 
the seatbelt switch 32, 

[0027] The CPU 26 performs various calculations according to a prestored 
control program, an initial data and the like. Then the CPU 26 outputs 
the calculated results, i.e. the results of the occupant determination, to the 



output circuit 28. The calculated results are output to an airbag controller 
30, for example, via the output circuit 28, thereby controlling the operation 
of an airbag device. 

[0028] A process of the occupant determination according to the present 
embodiment is explained based on a flowchart in Fig. 5. This process is 
repeatedly performed in interrupts at predetermined time intervals. 

[0029] When a routine of the flowchart is entered, the CPU 26 performs an 
input operation in Step 101, Specifically, the CPU 26 reads the load signal 
from the load sensors 21 to 24, which has been filtered in the sensor signal 
input circuit 27. Next, the CPU 26 calculates the detection load value Ws 
by summing up the output load values FR, FL, RR, and RL, which are 
calculated based on the respective load signals from the load sensors 21, 
22, 23 and 24, and once stores that calculated detection load value Ws in a 
memory. Then the CPU 26 proceeds to Step 102. 

[0030] In Step 102, the CPU 26 determines whether the ignition switch 31 
is currently in ON or OFF status. If the ignition switch 3,1 is determined 
as OFF status, the CPU 26 concludes that the vehicle is in the stop 
condition (i.e. not running) and then proceeds to Step 103. 

[0031] In Step 103, the CPU 26 determines whether or not the seatbelt 11 
is currently fastened. Specifically, the CPU 26 determines the seatbelt 11 
to be fastened when receiving the ON signal from the seatbelt switch 32. 
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In the same way, the CPU 26 determines the seatbelt 11 to be unfastened 
when receiving the OFF signal from the seatbelt switch 32. 

[0032] When it is determined that the seatbelt 11 is fastened, the CPU 26 
proceeds to Step 104. In step 104, the CPU performs a CRS determination 
procedure, i.e. performs a procedure for determining whether or not the 
CRS is equipped on the seat, according to a known logic based on a 
variation of the detection load value Ws (load variation). For example, the 
CPU 26 performs the CRS determination procedure based on a degree of 
decrease of the present detection load value Ws relative to a maximum 
detection load value that has been detected after the seatbelt 11 is 
fastened. For this determination, normal characteristics of the load 
variation that occur in process of equipping the CRS on the seat are used. 

[0033] The CPU 26 then proceeds to Step 105 to determine whether or not 
the CRS installation on the seat is presently detected from the result of 
the CRS determination procedure conducted in Step 104. When it is 
determined that the CRS installation is detected, the CPU 26 proceeds to 
Step 106 to determine that the CRS is installed on the seat and stores this 
determination result in the memory. The CPU 26 terminates the present 
routine. 

[0034] Whereas, if it is determined that the ignition switch 31 is in ON 
status in Step 102, the seatbelt 11 is not fastened in Step 103, or the CRS 



11 



is not detected to be equipped on the seat in Step 105, the CPU proceeds to 
Step 107. 

[0035] In Step 107, the CPU 26 determines an occupant setting on the seat 
body 1. When the detection load value Ws is equal to or greater than a 
predetermined threshold value for an adult determination, the CPU 26 
proceeds to Step 108 to perform the adult determination. That is, the 
CPU 26 determines that the adult is sitting on the vehicle seat since the 
sufficient load value that can be considered to occur by the adult is 
detected. Then, the CPU 26 stores this determination result in the 
memory and terminates the present routine. 

[0036] Meanwhile, when the detection load value Ws is smaller than the 
predetermined threshold value for the adult determination, the CPU 26 
performs a child determination. That is, the CPU 26 determines that the 
child is sitting on the vehicle seat since the sufficient load value that can 
be considered to occur by. the adult is not detected. The CPU 26 then 
stores this determination result in the memory and terminates the present 
routine. 

[0037] The determination result in either Step 106, 108 or 109 is output to 
the airbag controller 30 via the output circuit 28, thereby controlling the 
operation of the airbag device. 
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[0038] According to the present embodiment as mentioned above, the 
determination whether or not the CRS is equipped on the seat is not 
performed unless the vehicle is detected to be in the stop condition (i.e. the 
ignition switch signal is in ON status). Generally, the pro.cess of 
equipping the CRS on the seat body 1 is conducted when the vehicle is 
stopped.. Therefore, when the CRS determination is performed based on 
the variation of the detection load value Ws that occurs distinctively in 
process of equipping the CRS, it is desirable to conduct the CRS 
determination on the condition of the vehicle stop. The CRS is then 
prevented from being determined ae equipped on the seat due to the load 
variation caused by the vibration and the like under the vehicle running 
condition, thereby accurately conducting the CRS determination. 

[0039] According to the present embodiment, the vehicle stop condition is 
detected using an existing member (ignition switch 31). In addition, the 
determination whether or not the CRS is equipped is performed by a 
simple method using an existing sensor (load sensor). 

[0040] The present embodiment is not limited to the above and can be 

modified as follows. The vehicle stop condition is detected based on the 

signal from the ignition switch 31 (ignition switch signal) according to the 

present embodiment. However, the vehicle stop condition may be detected 

based on a signal from a shift position switch that indicates an operating 

position of a shift lever (or selector lever). Precisely, the vehicle stop 

condition is detected when the signal represents a parking (P) position. In 
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this case, the vehicle stop condition may be detected using an existing 
member (shift positions switch). 

[0041] The vehicle stop condition may be detected based on a signal from a 
parking switch (parking switch signal) indicating an operating position of 
a parking brake lever (hand brake lever). In this case as well, the vehicle 
stop condition may be detected using an existing member (parking switch). 

[0042] Further, the vehicle stop condition may be detected based on a 
signal from a courtesy switch (courtesy switch signal) indicating an 
opening/closing state of a door on the passenger side of the vehicle. 
Precisely, the vehicle stop condition is detected when a signal represents a 
door opening state. The courtesy switch is normally provided for turning 
on a room lamp in conjunction with an opening of the door. The vehicle 
stop condition may be detected using an existing member (courtesy switch) 
in this case. 

[0043] Still further, the vehicle stop condition may be detected based on a 
vehicle speed pulse from a speed sensor (speedometer pulpe) being output 
each time when an output shaft of a transmission (not shown) rotates by a 
predetermined angle. Specifically, the vehicle stop condition is detected 
when the vehicle speed pulse represents a lower vehicle speed than a 
predetermined speed, which is regarded as the vehicle stop. An existing 
member (speed sensor) may be used for detecting the vehicle stop 
condition in this case as well. 
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[0044] Still further, the vehicle stop condition may be detected by a 
combination of the ignition switch signal, the shift position signal, the 
parking switch signal, the courtesy switch signal and the vehicle speed 
pulse. 
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[0045] According to the present embodiment, the pair of load sensors 21 ' 
and 22 are provided on right and left-front sides of the seat body 1 and 
another pair of load sensors 23 and 24 are provided on right and left-rear 
sides of the seat body 1. However, a number and an arrangement of the 
load sensors may be modified. It is only required to arrange one or more 
load sensors at a predetermined position on the seat body 1 and to perform 
the occupant determination based on the detection load value from the 
load sensors. 

[0046] Each shape of the sensor brackets 7 and 8 provided on front and 
rear sides of the seat body 1 may be modified as long as the sensor 
brackets 7 and 9 are surely bent in response to a seat weight (i.e. load 
applied to the seat). 

[0047] The principles, preferred embodiment and mode of operation of the 
present invention have been described in the foregoing specification. 
However, the invention which is intended to be protected is not to be 
construed as limited to the particular embodiment disclosed. Further, the 
embodiment described herein is to be regarded as illustrative rather than 



restrictive. Variations and changes may be made by others, and 
equivalents employed, without departing from the spirit of the present 
invention. Accordingly, it is expressly intended that all such variations, 
changes and equivalents which fall within the spirit and scope of the 
present invention as defined in the claims, be embraced thereby. 
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